ABSTRACT-A Gram-negative rod-shaped bacterium was isolated from diseased Japanese flounder Paralichthys olivaceus (mean total length, 33 mm), during a disease outbreak in a flounder hatchery in Fukui Prefecture, Japan in 2005. The isolated bacterium produced water-soluble brown pigment and was identified as Vibrio anguillarum serotype A (J-O-1) by biochemical and serological tests, and 16S rDNA sequence. The pathogenicity of the isolated bacterium to Japanese flounder was confirmed by intraperitoneal injection, but not by bath immersion. This is the first report of isolation of brown pigment-producing V. anguillarum.
pieces of the muscle, kidney, liver, spleen, heart and gills were excised from five fish, fixed in Davidson's solution and routinely embedded in paraffin. Sections were cut at 3 µm and stained with either hematoxylin and eosin or May-Grünwald and Giemsa. For virus analyses, filtered extracts of the spleen and kidney were inoculated onto FHM, CHSE-214 and E-11 cell lines. RT-PCR for nodavirus 1) , viral haemorrhagic septicaemia virus 2) and yellowtail ascites virus 3) were carried out with the kidney, spleen and brain. For bacterial culture, tissues from the brain, spleen and kidney were spread onto heart infusion agar (HIA, Nissui) containing 2% NaCl. Morphological and biochemical properties of three bacterial isolates were tested by the standard methods 4) and the API20E diagnostic strip (bioMérieux, France). Motility was observed under a microscope. Fragments of 16S rDNA were amplified by PCR using the universal primers for eubacteria, EubA and EubB 5) , and the sequence was analyzed with BLAST program at NCBI website (http://www.ncbi.nlm.nih.gov/BLAST/). One of the isolates, designated as FPC1051, was further cultured on brain heart infusion agar (BHIA, Difco) containing 2% NaCl at 20°C for 24 h, and used for experimental infections. Healthy Japanese flounder at about 71 mm in body length were divided into seven groups that consisted of each ten fish. Fish in three groups were injected intraperitoneally (I.P.) with doses of either 7.0 × 10 6 , 7.0 × 10 4 or 7.0 × 10 2 CFU/0.1 mL/fish of the bacterium. Fish in one group were injected with 0.1 mL of saline. Two groups of fish were immersed in 5 L seawater containing the bacterial cells at densities of either 1.5 × 10 7 or 1.5 × 10 5 CFU/mL for 30 min. The fish in the last group was similarly immersed in seawater for the control. Following the challenge, the fish were kept in flow-through 30 L-seawater tanks at 17°C. Mortality was recorded for 2 wk. The spleen, kidney and liver of dead fish were subjected to bacterial isolation on HIA to confirm the cause of death.
Results and Discussion
The disease signs of the affected fish were marked redness on the body surface of blind side, ascites, pale liver and spleen enlargement. No virus was detected from the diseased fish. Short rods were observed in the visceral organs, kidney, heart, and blood vessels of four out of five fish used for histopathology. Particularly, many bacterial cells were observed in the spleen, where the structural integrity was widely lost. A Gram-negative bacterium was isolated with HIA from the brain, spleen and kidney of the diseased fish.
All isolates formed smooth colonies and produced brown water-soluble pigment on HIA and BHIA (Fig.  1) . The isolates were all Gram-negative, motile, catalase-positive, oxidase-positive and O/129-sensitive straight rods. The isolates grew in 1% peptone medium In May 2005, a mass mortality occurred in juveniles of cultured Japanese flounder Paralichthys olivaceus with the mean total length of 33 mm in a hatchery in Fukui prefecture, Japan. The water temperature ranged from 16 to 17°C during the outbreak, which persisted for one month. The cumulative mortality was about 65%. In order to clarify the cause for the mortality, histopathological, virological, and bacteriological tests were performed, and a bacterium was isolated from the affected fish. This paper describes characteristics and pathogenicity of the isolated bacterium.
Materials and Methods
Diseased fish were sampled and gross pathological signs were recorded. For histopathological observation, containing 2% NaCl but did not grow in 0, 6 and 8% NaCl. API20E profile of the isolates was 3247527, resulting in a good identification as Vibrio anguillarum (Listonella anguillarum) (Table 1) . Furthermore, the sequence of 16S rDNA of the strain FPC1051 showed 98% homology with 16S rDNA of V. anguillarum AMC (GenBank accession no. AY492001). From these results, the isolates were identified as V. anguillarum. The slide agglutination test revealed that the all isolates belonged to serotype A (J-O-1) .
Production of water-soluble brown pigment was shown in several strains of fish pathogenic bacterial strains, including Aeromonas salmonicida 6) and Pseudomonas plecoglossicida 7) . Takahashi et al.
8)
reported characteristics of a brown pigment-producing Vibrio sp. isolated from kuruma prawn Penaeus japonicus. However, the isolates in the present study differ from the bacterium from the prawn in VP reaction, urease activity, arginine hydrolysis and arabinose fermentation. This is the first report of the isolation of V. anguillaum producing water-soluble brown pigment from diseased fish. Results of the challenge tests are shown in Table  2 . In the I.P.-injection experiments, fish started to die at 1-3 day after the injection. The bacterium was recovered from all of the dead fish. Mortality was not observed in the control group. The clinical signs of challenged fish were similar to those of the naturally affected fish. These results suggest that the bacterium was the causative agent of the mortality in the hatchery. The ascites of Japanese flounder infected with V. anguillarum in the present study has not been observed in the previous report 9) . Virulence of V. anguillarum also markedly varied with strains 10) . Thus, clinical signs of flounder with V. anguillarum infection may vary with bacterial strains. In the bath-immersion challenge, no dead fish were found during the experiment, suggesting low susceptibility of the flounder to the present isolate. Even if V. anguillarum strain is not highly pathogenic to the flounder under laboratory conditions, stress could promote serious disease outbreaks in farmed flounder populations 9, 11) . The disease outbreak in the hatchery in Fukui prefecture suggests that the bacterium can indeed promote a serious disease in culture conditions. Stress factors in culture environment might provoke opportunistic infection of the bacterium and the disease outbreak. 
